We report the case of a 16-year-old elite gymnast who presented with recurring pain in the left shoulder after training. The athlete recalled an injury to the shoulder 2 years ago. Clinically a localized tenderness to the anterior shoulder and loss of strength and range of motion was noted. Imaging investigation suggested a neglected lesser tuberosity avulsion. The athlete was treated with open excision of the deformed tuberosity and direct repair of the subscapularis to the humeral head. Following a careful postoperative rehabilitation protocol the athlete was able to return to unrestricted gymnastics after 6 months. After surgery the athlete followed a intense rehabilitation program that allowed him to return to sports at 6 months. At 5-years follow-up, the athlete was asymptomatic and competing at an international level. Avulsion fractures of the lesser tuberosity are extremely rare injuries with significant shoulder disability if left untreated. Anatomic repair can yield excellent results, even in neglected cases.
Introduction
Participation in gymnastics has undergone rapid growth in recent decades, with children entering the sport at a very young age (5 years to 6 years old). Gymnastics is a demanding sport, with the immature skeleton being subjected to high repetitive loads. The high intensity and volume of training required to achieve high competitive levels puts the athlete at risk for a number of injuries. The physicians should have a high index of suspicion in these athletes for injuries located in the epiphysis and apophysis. 1 Avulsion fractures of the lesser humeral tuberosity are extremely rare and the diagnosis is frequently missed. 2, 7, 11 A review of literature shows that this is the first case to involve a high level gymnast. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 
Case report
A 16-year-old healthy Tanner stage 4 male elite gymnast presented for chronic left shoulder pain. Symptoms were localized on the anterior part of the shoulder and aggravated after apparatus training (high bar, pommel horse, parallel bars and rings).
The athlete recalled being injured falling from parallel bars 2 years prior to his presentation and not being able to train for 6 weeks after that. No medical advice was sought for the initial injury.
On clinical examination, no asymmetry was obvious. Active forward elevation and abduction was normal. External rotation in adduction was slightly increased and internal rotation in abduction was decreased in the affected shoulder. There was a noticeable loss of internal rotation strength compared to the unaffected side. Apprehension-relocation, belly press and O'Brien tests were positive, whereas cross-body adduction produced pain. The anterior shoulder was tender in palpation and a hard lump fixed to the humerus was palpable in the axilla.
The athlete was referred for imaging studies with the working diagnosis of an inflamed exostotic bursa. Radiographs of the shoulder revealed a bony lesion similar to an exostosis but pointed towards the epiphysis ( Figure 1 ). The magnaetic resonance imaging (MRI) scan established a diagnosis of an avulsion at the level of lesser tuberosity ( Figure 2 ).
Because conservative treatment failed and the patient could not maintain his level of activity, informed consent was obtained from the athlete and his parents to proceed with open reduction and internal fixation. Under general anaesthesia, the patient was placed in the supine position. The exostosis was approached through a deltopectoral approach and was located in close proximity to the brachial plexus. It was only during surgery that the suspected avulsion of the lesser tuberosity was confirmed because the subscapularis was attached to the exostosis. The avulsion of lesser tuberosity along with periosteal stripping at the lower part of the subscapularis insertion caused significant post-traumatic heterotropic ossification contributing to the size of the exostosis seen. After careful mobilization of the surrounding bursa and neurovascular bundle, the avulsed lesser tuberosity and subscapularis were mobilized (Figure 3a ). Direct repair was not considered as a result of the deformation of the bone fragment and the possibility of subcoracoid impingement. The bone fragment was excised ( Figure   3b ) and subscapularis was fixed in the anatomical position with suture anchors after appropriate decortication.
Postoperatively, the shoulder was immobilized in a sling and the athlete was prescribed a supervised rehabilitation programme. Aerobic capacity for the first 4 weeks was maintained with static bicycle training. Passive shoulder exercises and posterior capsular stretching were initiated immediately postoperatively, whereas resisted external rotation in adduction was allowed after the fourth week. At 8 weeks postoperatively, he was allowed a full set of shoulder exercises with elastic bands, excluding resisted internal rotation. Healing of the tuberosity was confirmed by radiographs and ultrasound at 4 months postoperatively and resisted internal rotation exercises were allowed. By that time, the athlete had a normal symptom-free range of motion and was allowed to continue conditioning with swimming. At 5 months, he started nonimpact floor and vault gymnastics exercises and, at 6 months, he was allowed a gradual return to full competitive training. The athlete made a successful return to gymnastics and, at 5 years following the operation, is still competing at an international level (Figure 4 ).
Discussion
Avulsion fractures of the lesser humeral tuberosity are extremely rare injuries that are initially missed and often are diagnosed after patients seek medical advice because of chronic shoulder pain. 2, 7 Children and adolescent athletes with acute shoulder trauma or chronic shoulder pain should be carefully examined and, in the case of clinical findings, good radiographs including an axillary view should be ordered. A bone flake in the region of the lesser tuberosity needs further evaluation with computed tomography or MRI scans. 3 Lesser tuberosity avulsion in adolescents can be either acute after a forceful subscapularis pull with the shoulder in abduction and external rotation. 4, 5, 8, 9, 11 or chronic after repetitive traction in overhead activities 7, 10 Avulsion fractures of the lesser tuberosity have been reported after various sports and activities. 4, 6, 11 Our patient is the first reported case of a neglected injury in an adolescent gymnast.
Both conservative and operative treatment have been proposed for this injury with good results. If the displacement and size of the fragment is small, then conservative treatment is a reasonable option. 4 However, when the displacement is greater than 5 mm, or if there is block to the subacromial motion or significant muscle weakness and persisting pain, then operative treatment should be advised. 6, 11 Open reduction and fixation regardless of the displacement and the size of the fragment have been recommended to prevent subcoracoid impingement, subscapularis tears and biceps pathology. 7 Surgical treatment is effective for restoring subscapularis function and a return to sports, even in cases of a delayed treatment. 11 In our case, lesser tuberosity excision and subscapularis direct fixation to the humeral head 2 years after the initial injury resulted in an excellent result and a return to international elite level competition.
Lesser tuberosity avulsion is a rare injury that needs to be suspected after shoulder trauma in immature athletes. 
